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General remarks.
H NMR and 13
C NMR spectra of CDCl 3 solutions were recorded either at 400 and 100 MHz or at 500 and 125 MHz (Bruker Ac 200 and AMX2-500), respectively. FT-IR spectra were measured in chloroform solutions using a Perkin Elmer FT-IR Spectrum BX spectrophotometer. Mass spectra (low resolution) (EI/CI) were obtained with a Hewlett-Packard 5995 gas chromatograph/mass spectrometer. High-resolution mass spectra were recorded with a Micromass Autospec mass spectrometer. Microanalyses were performed with a Fisons Instruments EA 1108 carbon, hydrogen, and nitrogen analyzer. Analytical thin-layer chromatography plates used were E. Merck Brinkman UV-active silica gel (Kieselgel 60 F254) on aluminum. Flash column chromatography was carried out with E. Merck silica gel 60 (particle size less than 0.020 mm) using appropriate mixtures of ethyl acetate and hexanes as eluent. All reactions were performed in oven-dried glassware under nitrogen unless otherwise stated. Dichloromethane was distilled from CaH 2 . Triethylamine was distilled from potassium hydroxide pellets. All other materials were obtained from commercial suppliers and used as received. Melting points are uncorrected.
Experimental section
Synthesis of substituted cyclobutanes 6 and 8: (representative example): Benzil 2a (3.00 mmol) and methyl propiolate 3a (3.00 mmol) were dissolved in 5 mL of CH 2 Cl 2 and the solution was cooled to 0ºC in an ice bath. Et 3 N (0.30 mmol) was added and the reaction was allowed to react overnight without further cooling. Et 3 N (3 mmol) was added and the reaction was allowed to react for one additional day (this step simplifies the isolation of 6 while transform 7 cis/trans into 8. Purification of products 6 trans/cis and 8 was carried out by flash column chromatography (silica gel, n-hexane/EtOAc 80/20 to 60/40). In certain occasions product 8 is not analytically pure after this chromatography. It can be further purified by a second flash column chromatography (silica gel, n-hexane/CH 2 Cl 2 50/50). Cyclobutane 6 trans can be separated from the minor 6 cis-isomer by recrystallization in CH 2 Cl 2 -20% EtOAc/Hex.
(3Z,4Z)-3,4-bis(2-methoxy-2-oxoethylidene)-1,2-diphenylcyclobutane-1,2-diyl dibenzoate (6aa) trans-isomer (major):
1 H NMR (CDCl 3 , 400 MHz): δ 3.37 (s, 6H), 6.86 (s, 2H), 7.16-7.29 (m, 10H), 7.41 (tt, 2H, J = 7.4 and 1.3 Hz), 7.56 (m, 4H), 7.69 (m, 4H) . Characteristic data for cis-isomer (minor): δ 3.42 (s, 6H), 6.79 (s, 2H).
13 C NMR (CDCl 3 , 100 MHz): δ  51. 5, 92.4, 117.8, 127.6, 128.0, 128.1, 128.2, 129.2, 129.9, 132.5, 134.8, 151.2, 163.3, 164.7. IR (CHCl 3 , cm -1 ) 3027.8, 1730 .3, 1449 .9, 1436 .1, 1343 .8, 1268 .1, 1222 .3, 1108 4, 60.6, 92.6, 118.3, 127.6, 128.0, 128.21 (2), 129.2, 129.9, 132.6, 135.0, 151.0, 163.2, 164.4 3, 81.2, 92.7, 120.0, 127.4, 127.9, 128.2, 128.5, 129.1, 130.0, 132.5, 135.1, 149.9, 163.0, 163.7. IR (CHCl 3 , cm -1 ) 2981 .8, 1731 .7, 1697 .2, 1450 .1, 1369 .8, 1290 .6, 1265 .5, 1215 .9, 1158 .2, 1108 .73 (dt, 4H, J = 6.9 and 1.3), 6.91 (s, 2H), 7.01 (tt, 4H, J = 7.6 and 1.5 Hz), 7.12 (tt, 2H, J = 7.5 and 2.0 Hz), 7.14-7.26 (m, 10H), 7.35-7.40 (m, 6H), 7.64 (dt, 4H, J = 7.2 and 1.3 Hz). Characteristic data for cis-isomer (minor): δ 6.80 (s, 2H).
13
C NMR (CDCl 3 , 100 MHz): δ  66. 8, 92.4, 118.0, 127.6, 127.78, 127.84, 128.1, 128.8, 128.30, 129.2, 129.6, 132.4, 134.8, 134.9, 151.4, 163.3, 164.3 51.5, 92.3, 117.4, 127.4, 128.0, 128.3, 128.6, 129.3, 132.1, 137.7, 143.0, 151.6, 163.4, 164.8. IR (CHCl 3 , ) 3027.1, 1728.9, 1612.2, 1436.1, 1341.8, 1269.9, 1177.5, 1104.9 4, 55.1, 55.2, 92.1, 113.0, 113.2, 117.3, 122.4, 127.3, 129.4, 131.3, 152.0, 159.3, 162.98, 163.00, 164.8 (3Z,4Z)-3,4-bis(2-methoxy-2-oxoethylidene)-1,2-bis(3-methoxyphenyl)cyclobutane-1,2-diyl bis(3-methoxybenzoate) (6ea) trans-isomer (major): 1 H NMR (CDCl 3 , 400 MHz): δ 3.40 (s, 6H), 3.71 (s, 6H), 3.73 (s, 6H), 6.72 (ddd, 2H, J = 8.0, 2.7 and 1.1 Hz), 6.82 (s, 2H), 6.96 (ddd, 2H, J = 7.6, 2.6 and 1.5 Hz), 7.10 (dd, 2H, J = 2.3 and 1.4Hz), 7.14-7.25 (m, 10H). Characteristic data for cisisomer (minor): δ 6.76 (s, 2H).
13 C NMR (CDCl 3 , 100 MHz): δ  51. 5, 55.20, 55.23, 92.3, 113.86 (2), 114.3, 117.7, 119.0, 120.3, 121.7, 128.7, 129.0, 131.2, 136.3, 151.1, 159.0, 159.2, 163.3, 164.7 (3Z,4Z)-1,2-di(furan-2-yl)-3,4-bis(2-methoxy-2-oxoethylidene)cyclobutane-1,2-diyl difuran-2-carboxylate (6fa) trans-isomer (major): 1 H NMR (CDCl 3 , 400 MHz): δ 3.54 (s, 6H), 6.25 (dd, 2H, J = 3.3 and 1.7 Hz), 6.42 (dd, 2H, J = 3.5 and 1.6 Hz), 6.62 (s, 2H), 6.64 (dd, 2H, J = 3.5 and 1.1 Hz), 7.07 (dd, 2H, J = 3.5 and 1.1 Hz), 7.30 (dd, 2H, J = 1.9 and 1.1 Hz), 7.49 (dd, 2H, J = 1.9 and 0.8 Hz).
C NMR (CDCl 3 , 100 MHz): δ  51. 7, 86.6, 110.7, 111.6, 112.1, 118.0, 118.4, 142.9, 143.8, 146.6, 147.2, 149.3, 155.0, 164.3 . IR (CHCl 3 , cm 51.5, 110.4, 126.5, 127.5, 127.9, 128.0, 128.6, 128.77, 128.79, 129.0, 129.5, 130.1, 131.1, 133.9, 134.4, 136.5, 142.2, 149.5, 156.6, 161.5, 164.6, 165.4 
(E)-((E)-4-(2-ethoxy-2-oxoethylidene)-2-(ethoxycarbonyl)-3-phenylcyclobut-2-enylidene)(phenyl)methyl benzoate (8ab):
1 H NMR (CDCl 3 , 400 MHz): δ 0.77 (t, 3H, J = 7.1), 0.83 (t, 3H, J = 7.1), 3.80 (q, 2H, J = 7.1), 3.88 (q, 2H, J = 7.1), 6.06 (s, 1H), 7.33-7.38 (m, 6H), 7.46-7.52 (m, 6H), 7.65 (tt, 1H, J = 7.5 and 1.3 Hz), 8.18 (m, 2H).
13
C NMR (CDCl 3 , 100 MHz): δ  13.30 (2), 60.4, 61.0, 110.7, 126.6, 127.5, 127.9, 128.0, 128.72, 128.79, 128.83, 129.1, 129.5, 130.2, 131.4, 133.9, 134.6, 136.4, 142.3, 148.9, 156.3, 161.2, 164.7, 165.3 58, 27.61, 81.1, 82.7, 112.2, 126.9, 127.5, 128.0, 128.2, 128.75, 128.85, 128.90, 128.98, 129.3, 130.2, 131.6, 133.8, 134.7, 135.9, 143.3, 147.5, 155.2, 160.5, 164.6, 164.8. IR (CHCl 3 , ) 2982.0, 1730.7, 1709.0, 1452.1, 1369.7, 1258.3, 1148.3, 1112.8, 1081.3, 1063.7 0, 66.8, 110.5, 126.5, 127.6, 127.93, 127.97, 127.98, 128.03, 128.21, 128.24, 128.3, 128.7, 128.8, 129.2, 129.5, 130.2, 131.1, 133.9, 134.3, 134.6, 135.4, 136.6, 142.2, 149.4, 156.4, 161.0, 164.7, 164.9 (100), 91 (84).
(E)-((E)-4-(2-methoxy-2-oxoethylidene)-2-(methoxycarbonyl)-3-p-tolylcyclobut-2-enylidene)(p-tolyl)methyl
4-methylbenzoate (8ba): 13 C NMR (CDCl 3 , 100 MHz): δ  21. 4, 21.5, 21.7, 51.1, 51.5, 110.2, 126.0, 126.2, 127.8, 128.2, 128.3, 128.6, 128.7, 129.5, 130.2, 131.7, 136.4, 139.0, 139.7, 141.8, 144.7, 149.9, 156.2, 161.8, 164.7, 165.5 . IR (CHCl 3 , cm -1 ) 3018. 4, 1730.7, 1611.7, 1435.9, 1260.2, 1222.3, 1178.4, 1105.0, 1070.9 13 C NMR (CDCl 3 , 100 MHz): δ  51. 2, 51.5, 55.19, 55.21, 55.5, 110.1, 112.9, 113.3, 114.1, 121.2, 123.6, 125.6, 127.2, 129.4, 130.7, 132.3, 135.8, 140.8, 150.1, 155.7, 160.0, 160.6, 161.9, 164.1, 164.5, 165.6 . IR (CHCl 3 , cm -1 ) 3017. 6, 2973.8, 1726.7, 1606.3, 1511.6, 1253.0, 1173.6, 1032.6 3-(3-methoxyphenyl) H NMR spectroscopic data, we estimated that the trans-isomer, which places both the hydrogen and the acyloxy group on the same side of the ring, would show an important unshielding effect on the hydrogen resonance with regarding to the other isomer. On this premise, we tentatively assigned the transconfiguration to the minor isomer (δ H = 5.41 ppm) and the cis to the major isomer (δ H = 4.82 ppm). Following the standard procedure for the synthesis of cyclobutane products (equimolar amounts of starting materials) clearly showed that the formation of 1,3-dioxolanic products is favored over other processes ( 1 H NMR of the crude products). Therefore, based on our previous experience (see reference 6b and references cited therein), we changed the reaction parameters to maximize the formation of these compounds. Acenaphthenequinone 2g (4.00 mmol) and methyl propiolate 3a (2.00 mmol) were dissolved in 5 mL of CH 2 Cl 2 and the solution was cooled to -78ºC. Et 3 N (0.20 mmol) was added and the reaction was allowed to react overnight without further cooling.
(E)-((E)-4-(2-methoxy-2-oxoethylidene)-2-(methoxycarbonyl)-
1 H NMR of the crude products showed characteristic signals for the 1,3-dioxolanic products and very small amounts of the cyclobutane products 6ga cis/trans (7.29 and 7.12 ppm). Purification of products 9 was carried out by flash column chromatography (silica gel, n-hexane/EtOAc 80/20 to 60/40) giving an overall yield of 70%. 4, 89.7, 93.2, 107.6, 122.3, 122.5, 122.6, 122.9, 126.3, 127.7, 128.0, 128.3, 128.4, 129.1, 129.2, 130.3 (2), 131.0, 131.70, 131.74, 132.5, 135.7, 142.9, 143.6, 165.4, 166.0, 196.5, 196.7 . (isomer 2nd of 4) 51. 1, 90.3, 90.6, 110.0, 121.9, 122.6, 123.4, 123.8, 123.9, 126.8, 127.9, 128.3, 128.5, 129.2, 129.3, 129.7, 130.4, 130.6, 131.2, 132.5, 132.6, 134.6, 143.39, 143.41, 163.8, 164.7, 196.7, 197.7. (isomer 3rd of 4) 50.7, 89.1, 93.6, 107.4, 119.4, 121.4, 122.7, 122.8, 126.6, 128.0, 128.5, 128.6, 128.7, 130.4, 130.5, 131.1, 131.7, 131.8, 132.0, 137.7, 142.3, 142.7, 165.6, 165.7, 193.0, 194.7 , (2 peaks buried under peaks at 128.5-128.7). (isomer 4th of 4) 51. 1, 89.8, 90.8, 110.2, 120.8, 121.3, 122.9, 123.5, 127.0, 128.1, 128.6, 128.8, 129.0, 129.1, 130.3, 130.5, 130.7, 132.0, 132.1, 132.3, 136.7, 142.4, 142.6, 164.1, 164.7, 193.8, 195 .1. IR (CHCl 3 , cm -1 ) (isomer 2nd of 4) 3015. 8, 1736.6, 1673.7, 1437.3, 1290.3, 1264.3, 1075.9, 1031.8 Scale up synthesis of substituted cyclobutanes 6aa and 8aa: Benzil 2a (100 mmol) and methyl propiolate 3a (100 mmol) were dissolved in 166 mL of CH 2 Cl 2 and the solution was cooled to 0ºC in an ice bath. Et 3 N (10 mmol) was added and the reaction was allowed to react overnight without further cooling. Et 3 N (100 mmol) was added and the reaction was allowed to react for one additional day. The reaction was quenched with 100mL of 1M HCl. The organic layer was separated and the aqueous layer extracted once with 50mL of CH 2 Cl 2 . The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated in vacuo. The residue was dissolved in approximately 30mL of CH 2 Cl 2 and then enough 20% EtOAc/Hex was added to just maintain a clear dark red solution. On standing, 6aa quickly began to precipitate and the mixture was allowed to rest for 2 hours. The dark red solution was decanted (keep aside) and the solid washed a few times with a 20% EtOAc/Hex. The solid was redissolved in CH 2 Cl 2 and Hexane was added before concentrating in vacuo to give a light yellowish solid which was washed with hexanes in order to obtain a white crystalline product (11.77g of 6aa (40%), pure trans isomer). The remaining products (approximately 20g in the dark red solution) were purified by column chromatography. A first chromatography using increasing amounts of EtOAc in Hexanes (10%, 20%, 30%, 50%) yielded three large fractions. The first fraction contained an unwanted side product and unreacted benzil. The second fraction contained 8aa and 6aa. The third fraction contained a mixture of 6aa, 8aa and some unidentified side products. Product 8aa and 6aa from the second and third fractions were further purified by column chromatographies (CH 2 Cl 2 or EtOAc/Hex mixtures). The total amounts of recovered products were: 13.82g of 6aa (47%, overall 98:2 trans/cis although recrystallized product is pure trans isomer) and 4.81g of 8aa (21%). Benzil 2a (2.00 mmol) and methyl propiolate 3a (2.00 mmol) were dissolved in 5 mL of CH 2 Cl 2 and the solution was cooled to 0ºC in an ice bath. Et 3 N (0.20 mmol) was added and the reaction was allowed to react for 10 minutes. Pyrrolidine (2.00 mmol) was added and the reaction was stirred for a few minutes. After removing the solvent at reduced pressure the products were purified by flash column chromatography (silica gel, n-hexane/EtOAc 80/20, 2% Et 3 N to avoid hydrolysis of the enamine) to yield 4 (77%). 4 was quantitatively transformed into 5 simply by stirring a solution of 4 in CH 2 Cl 2 with 1M HCl. After extracting with CH 2 Cl 2 and removing the solvent at reduced pressure the product was purified by flash column chromatography (silica gel, n-hexane/EtOAc 80/20).
(E)-4-methoxy-4-oxo-1-phenyl-2-(pyrrolidin-1-yl)but-2-enyl benzoate (4):
1 H NMR (CDCl 3 , 400 MHz): δ 1.62-1.72 (m, 2H), 2H), 2H), 2H), 3.68 (s, 3H), 4.81 (s, 1H), 1H), 4H), 7.48 (tt, 2H, J = 7.8 and 1.6 Hz), 7.59 (tt, 1H, J = 7.8 and 1.4 Hz), 8.15 (dd, 2H, J = 8.5 and 1.3 Hz), 8.90 (s, 1H) .
13
C NMR (CDCl 3 , 100 MHz): δ  25. 0, 49.1, 50.4, 70.3, 87.0, 125.4, 128.52, 128.54, 129.8, 129.9, 133.2, 136.8, 156.4, 164.9, 168.5. IR (CHCl 3 , ) 3012.8, 1726 .9, 1678 .8, 1578 .0, 1451 .5, 1427 .2, 1267 .6, 1214 .3, 1148 .6, 1095 H, 6.34; N, 3.83. Found: C, 72.54; H, 6.39; N, 3.85 6, 52.4, 80.3, 128.1, 128.5, 129.0, 129.1, 129.6, 129.9, 132.8, 133.5, 165.4, 166.5, 196.4 Reaction of Benzil and Methyl Propiolate catalyzed by Et 3 N in CDCl 3 : 2a (2.00 mmol) and 3a (2.00 mmol) were dissolved in 3.3 mL of CDCl 3 and the solution was cooled to 0ºC in an ice bath. Et 3 N (0.20 mmol) was added and the reaction was allowed to react for 5 minutes. Part of the reaction mixture was transferred into an NMR tube with a pipette and it was directly taken for the acquisition of its 13 C NMR spectrum at RT (the acquisition required 256 scans and 20 minutes). The following spectra show: 1) the formation of a major intermediate, 2) the disappearance of methyl propiolate and most of benzyl, 3) the formation of a small amount of the main cyclobutane product, and 4) the catalyst in the form of Et 3 N and an ammonium salt (7.7 and 54.9 ppm). We can assign peaks to all of the C atoms of the allene except for C(e) which must be buried under a larger peak in the aromatic region. (R int =0.064). All non-hydrogen atoms were refined with anisotropic thermal parameters using full-matrix least squares procedures on F 2 . The solvent molecule (dichloromethane) presented a higher disorder and it was impossible to establish a good model even using an isotropic refinement.
Therefore a SQUEZZE procedure was made in order to eliminate the contribution of the solvent molecule. In any case it does not play an important role in the structure. All H atoms were placed in geometrically calculated positions. The methyl-H atoms were refined as rigid groups, which were allowed to rotate but not to tip, with U iso (H)=1.5U eq (C ). All other H atoms were allowed to ride on their parent atoms with U iso (H)=1.2U eq (C 
V=2414.4(4)Å

3
, T=293K, space group P21/c (no. 14), Z=4, 27643 reflections measured, 3454 unique (R int =0.047). Only the reflections up to 0.9 Å were considered in the refinement process.
All non-hydrogen atoms were refined with anisotropic thermal parameters using full-matrix least squares procedures on F
2
. The molecule presents a moderate disorder in one carboxylic group (O4-C20-03-C21) that was modeled using two sites with occupancy levels of 70% and 30% of probability. All H atoms were placed in geometrically calculated positions. The methyl-H atoms were refined as rigid groups, which were allowed to rotate but not to tip, with U iso (H)=1.5U eq (C ). All other H atoms were allowed to ride on their parent atoms with U iso (H)=1.2U eq (C). The final R and wR 2 were 0.0699 and 0.1955 respectively. CCDC 704024.
